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Description 

This invention relates to polynucleotide hybrid- 
ization assays wherein a cataiyst-labeied first poly- 
nucleotide probe and an apoluminescer-labeled 
second polynucleotide probe are both hybridized 
with a complementary target polynucleotide analyte 
in, for example, a physiological sample. A substrate 
is added to the sample and is converted by the 
catalyst to a transformation radical which in turn 
converts the apoluminescer to a luminescer. The 
sample is irradiated, and the incident light ab- 
sorbed by the luminescer is reemitted at a different 
wavelength. Such secondary emissions can occur 
only if hybridization has taken place and hence, the 
presence of the target polynucleotide is related to 
the amount of secondary light emitted. 

BACKGROUND OF THE INVENTION 

Polynucleotide hybridization assays are used 
as research tools for the detection and identifica- 
tion of unique or spedfic polynucleotide sequences 
in samples of complete, fragmented, or mixed nu- 
cleic acid. Various hybridization diagnostic tech- 
niques have been developed. 

Southern. J. Mol. Biol ., 98:503 (1975). dis- 
closes a polynucleotide hybridization technique 
employing radiolabeled nucleic acid probes. This 
procedure permits autoradiographic detection of 
probe/analyte hybrids and identification of the poly- 
nucleotide sequence of the analyte. However, the 
Southern procedure, as well as the other diagnostic 
procedures employing radiolabeled nucleic acid 
probes, are very complex, time consuming, and 
have the additional problems and expenses gen- 
erally associated with radioactive materials such as 
personnel monitoring arKj disposal. Thus, such as- 
says have remained a tool of basic research and 
are not generally employed in applied or commer- 
cial areas such as clinical diagnosis. 

Ward et al., EP-A-0 063 879. published June 4. 

1982. discloses compositions useful as probes in 
biomedical research and recombinant DNA technol- 
ogy, wherein said probes comprise purine. 7- 
deazapurine or pyrimidine covalently coupled to a 
moiety capable of forming a detectable complex 
with a polypeptide, said moiety being coupled to 
purine t3ases at the &-position, to deazapurine 
bases at the 7-p05ition, or to pyrimidine bases at 
the 5-position to form a modified nucleotide. The 
resulting modified nucleotides are incorporated into 
DNA by nick-translation techniques. 

Ranki, EP-A-0 095 540 published May 18. 

1983. discloses a technique for the sandwich hy- 
bridization of nucleic acids, said technique com- 
prising contacting single-stranded nucleic acid from 
a microorganism with a pair of different nucleic 



acid reagents, both reagents of the pair being 
single-stranded and complementary with the 
microorganism-derived nucleic acid and one of the 
pair being a nucleic acid fragment attached to a 

5 solid carrier, such as a nitrocellulose filter, while 
the other is a nucleic acid fragment labeled with a 
radioactive marker, whereby a labeled hybrid is 
formed attached to the solid carrier, for the iden- 
tification of a microorganism or group of microor- 

10 ganisms present in a sample. The correctness of 
the identification is tested by detection of the ex- 
tent of formation of a labeled hybrid attached to the 
solid carrier. 

Tchen et al., PCT Application No. 

75 PCT/FR82/00220, published July 7. 1983, disclose 
nucleic acid probe compositions which have been 
chemically modified by the covalent attachment of 
at least one N-2-acetylaminofluorene group to one 
of the bases of the nucleic acid. After hybridization 

20 with the target homologous nucleic acid sequence, 
such hybridization may be detected by the use of 
enzyme-labeled antibodies. 

Kourilsky et al., PCT Application No. 
PCT/FRa2/00223, published July 7, 1983, disclose 

25 DNA molecules modified by covalent attachment of 
an oligomer of modified ribonucleotides, or a single 
modified ribonucleotide, which provides a means 
for coupling a chemical capable of recognition by 
another molecule or product 

30 EP-A-0 151 001 discloses polynucleotide probe 

compositions which contain a polypeptide moiety 
capable of enzymatically activating a zymogen to 
initiate a detectable enzymatic reaction cascade. 
Faikow et al., U.S. Patent 4.358.535 issued 

35 November 9, 1 982. disclose a method for detecting 
the presence of a pathogen in a clinical sample by 
depositing and fixing said sample on an inert sup- 
port and hybridizing the genetic material of the 
target pathogen to a labeled-nucleic acid probe. 

40 The label may be a radioisotope, a ligand, a 
fluorescer. a chemiluminescer. an enzyme, or an 
antibody. 

Kourilsky et al.. GB-A-2 019 408 published 
October 31 . 1 979. disclose a method for detecting 

45 the possible presence of a DNA fragment In a 
sample comprising the hybridization of the sought 
fragment with an RNA probe which is coupled to 
an enzyme either prior to or subsequent to the 
hyt>ridization reaction. The possible presence of 

50 the target nucleic acid sequence is revealable by 
the action of tf)e enzyme-latseled hybridization 
product on a chromogen sut>strate. 

Heller et al., EP-A-0 070 687. published Janu- 
ary 26, 1983. disclose a heterogeneous hybridiza- 

55 tion diagnostic method which uses luminescer- 
labeled, single-stranded polynucleotide reagents for 
hybridizing with immobilized sample single-strand- 
ed polynucleotides. After separation of the un- 
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hybridized reagent, the sample is exposed to 
light.Any subsequent light emission is related to 
the amount of target polynucleotide in the sample. 
The label may be any of the well known lumines- 
cent systems. 

Heller et al., EP-A-0 070 685, published July 
14, 1982, disclose a tiomogeneous light-emitting 
hybridization assay wherein luminescer-labeled first 
and second single-stranded reagent segments are 
hybridized with a complementary target single- 
stranded polynucleotide from a physiological sam- 
ple such that nonradioactive energy transfer occurs 
between the labels of the two reagent segments. At 
least one of the labels is of the absorber/emitter 
type such that energy in the form of a photon 
absorbed from the other light label is re-emitted as 
a different wavelength. Such secondary emissions 
can only occur if hybridization has taken place. This 
system, however, suffers the disadvantage of re- 
quiring two luminescer-labeled probes of 
absort>er/emitter character distinct enough to be 
able to differentiate one from the other by pho- 
tometric means. Such differentiation may be dif- 
ficult in complex physiologicaJ samples. 

The enzyme catalyzed conversion of 
apoluminescer to luminescer is known. Brandt et 
al,. Anal. Biochem. , II. 6 to 9 (1965); and Keston et 
al. Anai. Biochem. . Tl. 1 to 5 (1965); disclose the 
conversion of the nonfluorescent apofluorophore 
diacetyl 2'.7'-dichlorofluorescein to a fluorescent 
compound by hydrogen peroxide and peroxidase 
for the fluorometric analysis of uttramicro quantities 
of hydrogen peroxide. Guilbault et al. Anai. Chem. , 
40 (8). 1256 to 1263 (1968); Brunvoll, Acta Chem. 
Scand. . 21 (3), 820 to 821 (1967); and Guilbault et 
al.. Anal. Chem. , 39 (2). 271 (1967), disclose the 
conversion of the nonfluorescent apofluorophores 
homovanillic acid, p-hydoxyphenyhacetic acid, 
tyrosine or tyramine to a fluorescent compound by 
hydrogen peroxide and peroxidase for the 
fluorometric analysis of uKramicro quantities of hy- 
drogen peroxide. Cathcart, Anal. Biochem.. 134 . 
Ill to 116 (1983), discloses the conversion of 
nonfluorescent apofluorophores to fluorescent conn- 
pounds by hydrogen peroxide and hematin for the 
fluorometric detection of picomole levels of hy- 
drogen peroxide. The Cathcart reference also dis- 
closes that alternate peroxides could be empksyed 
in place of hydrogen peroxide as the substrate for 
peroxidase or hematin. None of the above refererh 
ces disclose or suggest the use of apofluorophores 
as labels for polynucleotide probes. 

There is a need in the area of clinical diag- 
nostics for a nonradiometric homogeneous assay 
which Is fast, simple to carry out, highly specific 
and highly sensitive. The assay of the present 
invention fulfills this need. 

According to one aspect of the present inven- 



tion, we provide a polynucleotide probe of the 
formula 

(Y,~Y.) 

5 

wherein Yi through are the same or different 
nucleotide moieties which collectively form a poly- 
nucleotide sequence substantially complementary 
to a single- stranded region of a target poly- 

10 nucleotide analyte; provided that at least one of 
nucleotide moieties Yi through Y„ comprises a 
nucleotide having an apoluminescer attached there- 
to. The tenm "apoluminescer" is used herein to 
denote a compound which upon activation by a 

15 "transformation radical", converts to a luminescer. 

According to a further aspect of the present 
invention, we provide a polynucleotide probe com- 
position comprising two polynucleotide probes of 
the formulae 

20 

(Xt~X„) and (Yi--Y„) 

wherein 
n 

25 is an integer generally within the range 2 to 
about 500; 
Xt through X„, 

which are the same or different, are nucleotide 
moieties which collectively form a poly- 

30 nucleotide sequence substantially complemen- 
tary to a single-stranded region of a target poly- 
nucleotide analyte A; provided that at least one 
of nucleotide moieties Xi through Xn comprises 
a moiety 2 where Z comprises a nucleotide 

35 having a chemical catalyst attached thereto ca- 
pable of generation, from a substrate, of a trans- 
formation radical which, in turn, is capable of 
transforming an apoluminescer into a 
luminescer; and 

40 Yi through Y„, 

which are the same or different are nucleotide 
moieties which collectively form a poly- 
nucleotide sequence substantially complemen- 
tary to a single-stranded region of poly- 

45 nucleotide analyte A different from, but proxi- 
mate to, the region to which Xi through is 
complementary; provided that at least one of 
nucleotide moieties Yi through Y„ comprises a 
moiety 2* where 2' comprises a nucleotide hav- 

50 ing an apoluminescer attached thereto capable 
of being transformed into a luminescer by the 
transformation radical generated by the activity 
of the chemical catalyst of (Xi— X^); further pro- 
vided that (X,— X„) and (Y,— Y^) are selected 

55 such that upon hybridization with A, the catalyst 
of (Xi — Xn) is sufficiently proximate the 
apoluminescer of (Yi— Y„) to effect th desired 
transformation of apoluminescer to luminescer 



3 



5 



EP 0 185 547 B1 



6 



upon introduction of the appropriate substrate. 

It will be understood that the term ''chemical 
catalyst" is used herein to denote a molecular 
species (e.g. an enzyme) or composition capable 
of releasing an appropriate transformation radical 
from a substrate. 

The subject invention also relates to a method 
for detecting the presence of a target poly- 
nucleotide analyte in a sample, especially a phys- 
iological sample, wherein the method comprises: 

(a) contacting the sample, under hybridization 
conditions, with a-first and a second poly- 
nucleotide probe, the first probe having a chemi- 
cal catalyst attached thereto and the second 
probe having an apoluminescer attached there- 
to, both probes being substantially complemen- 
tary to substantially mutually exclusive single- 
stranded regions of the analyte. such that upon 
hybridization of both probes with the analyte, the 
chemical catalyst and the apoluminescer are 
located close enough to each other to permit the 
catalyst to release from a substrate a trans- 
formation radical that subsequently transforms 
the apoluminescer to a luminescer; 

(b) adding the substrate for the chemical cata- 
lyst, the substrate being capable of conversion 
to a transformation radical by the catalyst and 
the said radical being capable of converting the 
apoluminescer to a luminescer; 

(c) irradiating the sample with incident tight with- 
in the absorption spectrum of the luminescer: 
and 

(d) measuring the light emitted by the 
luminescer. 

The subject invention also relates to a kit for 
detecting the presence of a target polynucleotide 
analyte in a sample, especially a physiological 
sample, which comprises: 

(a) a first polynucleotide probe having a chemi- 
cal catalyst attached thereto and which is sub- 
stantially complementary to a first single-strand- 
ed region of the analyte; 

(b) a second polynucleotide probe having an 
apoluminescer attached thereto and which Is 
substantially complementary to a second single- 
stranded region of the analyte; the second re- 
gion being substantially mutually exclusive from 
the first region, but close enough thereto such 
that upon hybridization of the first and second 
probes with the analyte. the chemical catalyst 
and the apoluminescer are close enough to 
each other to penmit the catalyst to release from 
a substrate a transfonmation radical that subse- 
quently converts the apoluminescer to a 
luminescer; and preferably 

(c) a substrate for th chemical catalyst the 
substrate being capable of conversion to a 
transformation radical by the catalyst and the 



said radical being capable of converting the 
apoluminescer to a luminescer. 

DETAILED DESCRIPTION OF THE INVENTION 

5 

The present invention provides polynucleotide 
probe compositions, diagnostic kits, and non- 
radiometric hybridization assays useful in the de- 
tection and identification of at least one target 

10 polynucleotide analyte in a physiological sample. 
The sensitivity and specificity of the probes, kits, 
and assays of the present invention render them 
widely useful in clinical diagnosis and biological 
research. Examples of uses for the probes, kits and 

J 5 assays of the present invention include character- 
ization of genetic disorders, detection of particular 
viruses, microbes or other ' organisms, and iden- 
tification of specific nucleotide base sequences. 
As used herein, the term "target polynucleotide 

20 analyte" refers to a segment of single-stranded 
polynucleotide having a nucleotide base sequence 
corresponding to a genetic element whose pres- 
ence in a sample, e.g. a physiological sample is to 
be detected and/or identified. 

25 As used herein, the term "substantially com- 

plementary" refers to sufficient nucleotide base 
sequence homology between a polynucleotide 
probe and its target analyte to permit formation of 
stable probe-anaiyte hybrids 

30 As used herein, the term "physiological sam- 

ple" means a sample of blood, urine or other 
biological tissue, either unprocessed or processed, 
containing the DNA or RNA of interest. 

As used herein, the term "substantially mutu- 

35 ally exclusive" means that upon hyt>ridization of 
the first and second probes with the target analyte, 
the two probes should not compete for the same 
nucleotide base sequence on the analyte to the 
extent that hytxidization is prevented. In one par- 

40 ticular embodiment, spadng of the two DNA 
probes would have the 3'-terminal nucleotide of the 
first prot>e approximately ten bases away from the 
5*-terminal nucleotide of the second probe. This 
will space the termini such that they are on the 

45 same side of the helbc and thus position the cata- 
lyst and apoluminscer groups in the most favorable 
position with respect to each other. 

As used herein, the term "hybridization con- 
ditions" means those conditions which will enable 

50 the first and second probes to form stable probe- 
analyte hybrids. The proper hybridization condi- 
tions will be determined by the nature of the 
chemical catalyst and apoluminescer employed, 
the length of the polynucleotide probes and the 

ss guanosine plus cytosine content of the probes and 
the target polynucleotide analyte. 

The term "fluorescent" generally refers to lu- 
minescent compounds having the characteristic of 
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re-emitting absorbed incident energy in about 10"^ 
to 10"3 seconds, while the term "phosphorescent" 
refers to luminescent compounds which take longer 
to re-emit absorbed incident energy. Also, depend- 
ing upon the source of incident energy (i.e. pho- 
tons, charged particles, chemical phenomena etc.) 
luminescent compounds are referred to as 
chemiluminescent, bioluminescent. electrolumines- 
cent, phototuminescent. etc. 

For example, a hydroxy (OH") transformation 
radical can be produced by a number of well 
known catalysts (e.g., horseradish peroxidase, he- 
matin, metal cations, especially EDTA-Fe 111 com- 
plexes, microperoxidase, and other redox en- 
zymes) acting upon an appropriate substrate (e.g.. 
molecular oxygen, hydrogen peroxide, MEOOH, 
EtOOH, t-butylhydroperoxide, linoleic hydroperox- 
ide, cholesterol 5-hydroperoxide and cumen 
hydroperoxide). The (0H~) radical will then convert 
the apoluminescer to the corresponding luminescer 
(e.g. activated diacetyldichlorofluorescein to dich- 
lorofluorescein, homovanillic acid to 2.2*-dihydroxy- 
3.3*-dimethoxybiphenyl-5,5*-diacetic acid. p- 
hydroxyphenyl-acetic acid to 2,2'- 
dihydroxybiphenyJ-5.5'-diacetic acid, tyrosine to 
2.2*-dihydroxybiphenyl-5.5*-dialanine, tyramine to 
2,2'-dihydroxyb(phenyl-5,5*-diethyIamine, luminol to 
3-aminophthalic acid plus light, and p-hydrox- 
yproprionic acid to 2,2*-dihydroxybiphenyl-5.5*- 
dipropionic acid). 

These catalysts, substrates and 
apoluminescers are readily available from many 
commercial sources. 

As used herein, "polynucleotide* refers to a 
polymer of ribonucleic acid (RNA) or deox- 
yribonucleic acid (DNA), which can bo single- or 
double-stranded, optionaily incorporating or com- 
prising synthetic, nor>-naturaJ, or altered nucleotides 
capable of incorporation into DNA or RNA poly- 
mers. Probe polynucleotides, can be conveniently 
isolated in useful quantities by cksning and am- 
plification of polynucleotide sequences comple- 
mentary to target polynucleotides in ptasmid or 
phage vectors, using techniques that are now con- 
ventional to those skilled in the art A useful refer- 
ence covering most aspects of DNA manipulation 
is Maniatis et al.. Molecular Cloning. A Laboratory 
Manual. (Cold Spring Harbor Laboratory, 1982). 

A?r exemplary cloning vehicle for production of 
useful, quantities of probe polynucleotides is plas- 
mld pBR322 (ATCC 37017), which is described in 
detail by Rodriquez. et a.. In Molecular Cloning of 
Recombinant DNA . (Scott, ed. Academic Press, 
New York, 1977, p. 73). This plasmid contains 
singi Pstl. Bam l. EcoRI, Hind lll. and Sail restric- 
tion endonuclease recognition sites, in addition to 
genes conferring resistance to the antibiotics 
tetracycline and ampicillin Plasmid pBR322 DNA 



can be amplified by growth of bacterial ceils con- 
taining this plasmid in the presence of chloram- 
phenicol (170 ug/ml) according to the method of 
Clewelt. J. Bacteriol . 110:667 (1972); and purified 

5 by the cleared lysate procedure of Guerry et al., J. 
Bacteriol. 116:1064 (1973). prior to digestion with 
an appropriate endonuclease. For example, diges- 
tion with Pstl inactivates the ampicillin resistance 
marker and~generates "sticky ends" suitable for 

10 ligation to a probe polynucleotide similariy cleaved 
with Pstl. The resulting recombinant plasmid can 
then "be employed to transform a suitable host 
bacterium, e.g.. E. coli K12 or HB101. Upon growth 
in the presence of chloramphenicol, high plasmid 

15 copy numbers can be attained and the recom- 
binant plasmid DNA isolated and purified as pre- 
viously described. 

However, a particularly preferred vector for pro- 
duction of probe polynucleotides is a coliphage. 

20 M13. (ATCC 15669-B1) which, like pBR322. is now 
commercially available (New England Nuclear Cor- 
poration. Boston, Massachusetts, USA). DNA frag- 
ments obtained by digestion of phage DNA and 
DNA complementary to a target DNA of interest 

25 can be joined, amplified, and subsequently purified 
in single-stranded form .The use of M13 phage as a 
cloning vehicle has been described by Messing. 
Recombinant DNA Tech. Bull . 2:43. (1979). 

Z and T of the present invention are 

30 nucleotide moieties within (Xi— K,) and (Yt — Y« 
respectively. Of course, the chemical catalyst and 
apoluminescer of 2 and need be close enough 
together (after hybridization of P<i— Xn) and ( 
Xi— Y„) with the target analyte) so that the trans- 

35 formation radical resulting from the activity of the 
chemical catalyst can transform the apoluminescer 
to a luminescer.ln this regard, the placement of Z 
and r on probes pCi— )C„) and (Yi— Y„) should 
result, after hybridization, in Z and Z* being no 

40 more than about 100 base-pairs apart Preferably, 
Z and T are tocated at the 3' terminal position of 
p<,— X„) and the 5' temninal position of (Yi— Y„) 
respectively (or vice versa) so that upon hybridiza- 
tion of both probes with the target analyte. the 

45 labeled 3' terminal position of one of the probes 
will become continuous (lined up head to tail) with 
the labeled 5' tenminal position of the other probe. 
Thus, if the catalyst-labeled probe is labeled at its 
3* terminal position, the apoluminescer-labeled 

50 probe should be labeled at its 5* teanfnal position 
so that, after hybridization, the chemical catalyst is 
within none or a few analyte nucleotide base pair- 
ing spaces of the apoluminescer. 

Z and T can be independent nucleotide units 

ss which are inserted by known techniques (e.g.. nick- 
translation or direct synttietic routes) into the poly- 
nucleotide precursors of (Xi— )C) and (Yi— Yn) re- 
spectively, or a nucleotide within either or both of 
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the polynucleotide precursors of p<i— X„) and ( 
Yi— Yn) may be modified to produce Z or T as 
appropriate. Z and T are nucleotide moieties of the 
formula 




wherein 

is BRS; 
where 

B is a base residue; and 

rs is H or T, where T is a chemical 

catalyst in the case of Z, and an 
apoluminescer in the case of Z'; 

R2 and are H, OH, T, a phosphate group 
or groups, an adjacent nucleotide 
moiety, a phosphate group 
covalently linked to a moiety T or 
to an adjacent nucleotide moiety 
or a phosphate group covalently 
linked to a moiety T and an adja* 
cent nucleotide moiety: and 

R* is H, OH. a phosphate group, or 

T. 

Thus for at least one of nucleotide moieties Xi 
through X„. R^ is BR* and R' is T (a chemical 
catalyst), and for at least one of nucleotide moieties 
Yi through Y„. R^ is BR* and R* is T (an 
apoluminescer); or, alternatively, R^, R^, or R* com- 
prises a moiety T. 

Adjacent nucleotides are covalently linked by 
fonmation of 3'-5' phosphodiester bonds. Subscript 
n, indicatir)g the number of nucleotides, modified or 
unmodified, is an integer generally within the range 
2 to about 500. Preferably, n will have a value 
between 5 and 50. In general, probes comprising 
synthetic oligonucleotides will consist of relatively 
few total nucleotides, while probes derived from 
nucleic acid digest products will have a greater 
number of total nucleotides. 

Base residue B can be any purine, modified 
purine, pyrimidine, or modified pyrimidine base ca- 
pable of stable incorporation Into a single-stranded 
polynucleotide without significantly affecting the ca- 
pacity of the polynucleotide to form hybrids with 
target polynucleotides having substantial com- 
plementarity. However, a common featur of all 
base residues B useful in the present invention is a 
point or points suitable for attachment preferably 



covalent, of a chemical catalyst or an 
apoluminescer as the case may be. Thus, apart 
from the "classic" bases adenine, guanine, 
cytosine, uracil and thymine, other, less common 

5 bases, e.g., 5-methylcytosine, 5-hydroxymethy!- 
cytosine, orotic acid derivatives, methylated bases, 
e.g.. 1-methylguanine. etc., can optionally be incor- 
porated into the probes of the present invention. 
Further, nucleotides Z and Z' can optionally 

10 comprise various substituents, which can be linked 
to either base or sugar portions, and which do not 
deleteriously affect the capability of the resulting 
polynucleotide to form hybrids with complementary 
target polynucleotides. 

75 Polymer "tails" comprising a number of 

nucleotides appropriate for conjugation to catalyst 
or apoluminescer can be added to probe poly- 
nucleotides by use of calf-thymus terminal deox- 
ynucleotidyt transferase (TdT). which catalyzes the 

20 addition of deoxynucleotides to the 3*-hydroxyI 
ends of single- or double-stranded DNA, as dis- 
closed by Roychoudhury et aJ., Nucleic Acids Res. 
3:101 (1976). 

The chemical catalysts and apoluminescers 

25 can be coupled via a 5' phosphate or 3* hydroxy! 
linkage to one or more nucleotide moieties of ( 
Xi — X„) or (Yi — Y„). or, in the alternative, directly 
or by an ester or other linking group to a 2\ 3' or 5* 
carbon atom of one or more of such nucleotide 

30 moieties. 

Alternatively, the chemical catalysts and 
apoluminescers can be coupled to nucleotide 
moieties through crosslinker or linking 
groups."CrossIinker" or "linking group" refers to a 

35 moiety derived from a bifunctional molecule R*-L- 
R". wherein R* and R" are the same or different 
and represent such functional groups as -NH2. 
-CO2H, -CO2R. where R' and/or R" is for example, 
2-hydroxypyridine, N-hydroxysuccinimide, -COaMe, 

40 or other active esters, acyRmidazole, maleimide, 
trtfluoroacetate, diketene. imidoesters, sulfonate es- 
ters, imine. -CHO. 1 ,2-cyclohexanedione, glyoxal, 
sulfenyl halides, alpha halo ketones, azide. etc.. 
and L is an alkylene or substituted alkylene group 

45 preferably of at least three cartwn atoms. Alkylene 
chain L can be substituted with such common 
substituents as halogen. (I. Br, CI. F), hydroxy, 
cyano, phenyl, amino, cartxjxy, alkyi, alkoxy and 
others. Further, the alkylene chain of linker L can 

50 be interrupted by one or more bivalent groups, 
e.g., -0-. -S-, -NH-, -CH = CH-, -OC-, phenyl. - 
SO2-. etc. However, functional group R* must be 
capable of formlr^, ur>der appropriate cor>ditlons, a 
covalent bond with a nitrogen or carbon atom of 

55 base residue B, a cartx)n atom on the sugar moiety 
(5'-c). or the OH of the 3*-c. and functional group 
R" must be capable of forming, under appropriate 
conditions, a covalent bond with a side chain or 
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terminal amino, carboxyl. sulfhydryl, or carbohy- 
drate group of the chemical catalyst or 
apoluminescer.Thus, bifunctional molecule R'-L-R" 
is reacted by appropriate techniques with a base 
(or sugar) residue or modified base (or sugar) 
residue of a nucleotide forming a conjugate of base 
residue B (or sugar) and said nucleotide joined by 
an amide, ester, amine, imine, sulfonamide, 
thioester, phosphate, or thiophosphate linking 
group L. collectively forming moiety Z or 2* as the 
case may be. Clearly, the choice of linking group 
R'-L-R" and a particular conjugation chemistry 
must reflect the need to preserve other macro- 
molecular bonds critical to the integrity of the re- 
sulting probe molecule, i.e.. peptide. N-glycosidic. 
and phosphodiester bonds. 

Examples of bifunctional molecules include N- 
succinimidyl 4-glyoxalylbenzoate. carbonyl im- 
idazole, dimethyl suberimidate. 1-ethyl.3- 
dimethylaminopropylcartjodiimide (EDAC), para- 
nitrophenyl 3-(2-bromo,3-ketobutylsulfonyI)- 
propionate or other active esters, glutaraidehyde. 
substituted alkenes of the general formula NHj- 
(CH2)„NH2. and other suitable equivalents. 

After hybridization, a substrate for the chemical 
catalyst is added. The catalyst then acts upon the 
substrate and converts it to a transformation radi- 
cal. It is important to remember that the substan- 
tially mutually exclusive regions of the target an- 
alyte to which the labeled probes have hybridized 
must be sufficiently close enough to permit the 
radical, generated by the chemical catalyst's action 
on an appropriate substrate, to convert the 
apoluminescer to a luminescer. 

After hybridization has Uken place, the sample 
must be exposed to a means for exciting the 
luminescer. This can generally be accomplished by 
irradiating the sample with the appropriate light 
wavelength. By "appropriate" is meant a 
wavelength within the absorption spectrum of the 
luminescer. tf the luminescer is present In the 
sample, it will absorb the light energy and re-emit 
such energy as light of a different wavelength. The 
detection of this light response can be accom- 
plished with numerous detection devices which are 
commercially available e.g.. a spectrofluorimeter. 
Such secondary emissions of light energy can only 
occur if hybridization has taken place. Hence, the 
presence of the target nucleotide analyte is irv 
dtcated by such secondary emissions, and the 
amount of target nucleotide analyte in the sample 
is related to the amount of secondary fight emitted. 

The present invention provides kits for detect- 
ing the presence of at least one target poly- 
nucleotide analyte in a sample, particularly a phys- 
iological sample. By the tenm "kit" is meant a 
packaged combination of containers holding the 
necessary reagent elements for detecting the pres- 



ence of at least one target analyte. 

Where more than one target analyte is sought, 
the kit must comprise a multiple of catalyst-labeled 
probes within which there is one catalyst-labeled 

5 probe that is substantially complementary to a first 
single-stranded region of each target analyte. The 
catalyst label employed may be the same or dif- 
ferent for each target analyte. The kit must also 
comprise a multiple of apoluminescer-labeled 

10 probes within which there is one labeled probe that 
is substantially complementary to a second single- 
stranded region of each target analyte, the second 
region being substantially mutually exclusive from 
the first region. The apoluminescer label used must 

/5 be different for each target analyte. Finally, the kit 
must also comprise a substrate for the catalyst 
label(s). wherein the substrate is capable of conver- 
sion to a transformation radical by the chemical 
catalyst(s). 

20 The following Examples illustrate various as- 
pects and embodiments of the subject invention. In 
the Examples, all parts and percentages are by 
weight unless otherwise indicated. 



Preparation of DNA probes I and II 

DNA probe I (DNA PI) is prepared by synthetic 
30 oligonucleotide synthesis as commonly performed, 
ft is a 50 base sequence corresponding to the Ml 3 
mp8 region designated from residue 976 to residue 
1025. The sequence is: 

5\-AGGTCGACGGATCCCGGGGAATTCGTAA 
35 TCATGGTCATAGCTGTTTCCTG...3'. This se- 
quence is present in the Ml 3 mp8 genome but is 
absent from the wiW type phage. 

DNA probe II (DNA Dll) is also prepared by 
standard synthetic oligonucleotide synthesis tech- 
no niques. It Is also a 50 base oligomer which cor- 
responds to residues 1035 to 1084 of 
M13mpaONA. The sequence Is: 5*...GTTA 
TCCGGTCACAATTCCACACAACATACGAGCCGG- 
AGCATAAAGTGTA...3'. This sequence Is also ab- 
45 sent from the wild type phage. The Inten/ening 
sequence from the 3'-tenminal nucleotide of DNA 
Pi to the 5'-terminal residue of DNA Pll is 10 
nucleotides although it couW be as few as 1 or as 
many as 50. The 5'-phosphate form of these 
50 oligomers is prepared by standard synthetic or 
enzymatic procedures. 

Preparation of rG tailed probe DNA 

55 This procedure follows the method of 
Roychoudwy, Jay and Wu (Nucleic Adds Re- 
search, 3:101-106 (1976)). 100 ug of DNA PI (or 
DNA Pll) (2.4 X 10"^ moles 3'-ends/ml) and 1.3 x 
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10"^ moles/ml of guanosine 5'-triphosphate (GTP) 
are incubated with 1 x 10^ units /m\ of terminal 
deoxyribonucleotide transferase in a volume of 250 
Ul of 140 mM potassium cacodylate (pH 7.6) con- 
taining 20 mM tris-HCI, 0.1 mM dithiothreitol and 1 
mM cobalt chloride for 4 hours at 37 'C. The 
nucleic acid is isolated by filtration through a 1 x 
15 cm Sephadex® G-25 column eluted with dis- 
tilled water. Analysis of the reaction by running a 
comparison reaction with [3H]-!abeled GTP indi- 
cates the number of guanosine ribonucleotide resi- 
dues added. This can bo done in an analogous 
manner with DNA Pll, 

EXAMPLE I 

HRP AS CATALYST, DADCAFI AS 
APQLUMINESCER. (OH") AS TRANSFORMATION 
RADICAL 

Conjugation of Horseradish Peroxidase to 
i^bonucleotide Tailed Polydeoxyribonucleotides: 

100 ug of DNA PI-rG (or DNA PIl-rG) tailed 
DNA (606 nmol 3*-ends/ml) is incubated in 0.1 
m Mole/ml sodium meta periodate (Nal04) for 30 
minutes at 22*0. Horseradish peroxidase Is added 
to a concentration of 60.6 nmol/ml with the nucleic 
acid concentration now adjusted to 202 nmol 3'- 
ends/mi and the mixture incubated for 2 hours at 
25 'C. Sodium borohydride {NaBH4) is now added 
to a final concentration of 0.375 u moles/ml, with a 
final nucleic acid concentration of 151 nmol 3'- 
ends/ml. and the reaction is incubated for 3 hours 
at 4*C. Tbe mixture is dialyzed against 10 mM 
potassium phosphate (pH 7.4) containing 100 mM 
NaCI at 4* C. The resulting mixture is separated on 
a 0.7 X 50 cm column containing Sephadex* Q- 
100 by elution against the same buffer. Product 
DNA PI-HRP conjugate is identified in fractions 
absortring at 260 nm. containing [3H] activity and 
peroxidase activity as confirmed by assay against 
diacetyl dichlorofluorescein. 

Preparation of 2'.7'-dichloro-5-aminofluorescein dia- 
cetate (DADCAFI) 3*-end conjugates: 

Synthesis of the DADCAFI apofluorochrome 
procedes by the procedure of G. Steinbach (Acta 
Histochem. 49: 19-34, 1974). 100 g of 4-nitroph- 
thalic acid and 100 g of 4-chlororesorctnol are 
mixed and melted at 180'C for 4 hours. After 
cooling the mixture is finely ground and suspended 
in 200 ml of boiling 0.6N HCI. The insoluble crude 
2\7'-dichloro-5-nrtrofluorescein is filtered in a buch- 
ner funnel, washed with 51 of boiling water and 
dned at 100* C. 100 g of the crude material is 
dissolved in 250 g of acetic anhydride and refluxed 



for 2 hours. Pure 2',r-dichloro-5-nitrofluorescein 
crystallizes by cooling to 4'C. The compound is 
recovered by filtration in a buchner funnel and 
vacuum-drying at room temperature. 

5 Reduction of 2\r-dichloro-5-nitrofluorescein 

diacetate is performed as per the procedure of R. 
Brandt and A. Keston (Analytical Biochemistry 11: 
6-9. 1965). Five grams (0.0094 moles) of 2\r- 
dichIoro-5-nitrof!uorescein diacetate is dissolved in 

iQ 195 ml of boiling ethanol to which 1.74 moles of 
glacial acetic acid is added. Rve 2-gram portions 
of zinc dust are added and the mixture is stirred for 
10 minutes. Another five grams of zinc dust is 
added and the mixture is stinred for 10 minutes 

75 more. The zinc is removed by filtration and the 
resulting 2\7*-dichloro-5-aminofluorescein diacetate 
(DADCAFI) recovered by precipitation from chlo- 
roform followed by vacuum filtration and drying. 
Verification of the compound structure is made by 

20 NMR. IR, and MS analysis. 

100 ag (606 nmol 3*-ends/ml) of DNA probe I- 
rG (or DNA PIl-rG) is incubated in 0.1 m mole/ml of 
sodium meta periodate for 30 minutes at 22*0. 
Sodium bicartxsnate-cartxsnate buffer (pH 9.5) is 

25 added to a concentration of 0.1 mmol/ml. DADCAFI 
is added to a concentration of 20.2 umol/ml (with 
the concentration of DNA now at 202 nmoles 3'- 
ends/ml). Sodium borohydride Is added to a cor^ 
centration of 375 umol/ml, with a final DNA con- 

30 centration of 151 nmol 3*-ends/ml. The mixture is 
incubated at 4* C for 3 hours. The resulting mixture 
is purified by filtration on Sephadex<s G-100 col- 
umn chromatography, eluting with 10 mM KPO4 - 
(pH 7.4) containing 100 mM NACI. Verification of 

35 the conjugation is made by 260 nm analysis, and 
assaying for fluorescence by first activating the 
apofluorochrome by treatment in 0.01 N NaOH, 
neutralizing and adding HRP and H202 and watch- 
ing for the development of fluorescence emission 

40 at 520 nm. 

Preparation of HRP 5'-P-DNA Probe: 

lOOug of 5*-P-DNA PI (or II) (2.4 x ^(r* mol 3*- 
45 ends/ml) is incubated with 1 x 10~* mol/ml of 
EDAC in 1 X lO"' mol/ml morpholine sulfonic acid 
(MES). pH 5.0. for 1 hour. HRP is added to a final 
concentration of 3 x 10"' mole/ml In a final con- 
centration of sodium bicartxjnate-cartwnate buffer 
50 (pH 9.5) of 1 X 10"* mole/ml, with a final Dr4A 
concentration of 3 x 10"' 3*-ends/ml. The mixture 
is allowed to incubate for 12 hours at 22* C. Pu- 
rification is accomplished by chromatography on a 
2 X 50 cm Sephadex<9 G-100 column eluted with 
55 10 mM KPO4, (pH 7.4), containing 100 mM NaCI. 

Preparation of DADCAFI 5'-P-0NA Probe: 
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100 ug of 5'-P-DNA PI (or II) (2.4 x 10-^ mole 
3*-ends/ml) is incubated with 1 x 10~* mol/ml of 
EDAC in 1 X 10*5 mol/ml MES buffer, (pH 5.0) for 
1 hour DADCAFl is added to a final concentration 
of 3 X 10"' mole/ml in a final concentration of 
sodium bicarbonate-carbonate buffer (pH 9.5) of 1 
X 10"* mol/ml, with a final DNA concentration of 3 
X 10"^ mol 3'-ends/mL The mixture is allowed to 
incubate for 12 hours at 22 'C. Purification is ac- 
complished by chromatography on a 2 x 50 cm 
Sephadex® G-100 column eluted with 10 mM 
KPO*. (pH 7.4). containing 100 mM NaCI. 

Detection of Ml 3 mp8 DNA: 

Activation of DADCAFl conjugated Probe I or II 
DNA is accomplished by incubating the probe in 
0.01 N NaOH for 30 minutes at 22 'C, The pH is 
then neutralized by dilution into 10 mM potassium 
phosphate (pH 7.0). 

54 ug of DNA Probe l-rG-HRP and 54 ug of 
DNA probe-5'-P-DADCAFI are incubated with Ml 3 
mp8 DNA (0.1 ug to 1.0 pg) in 100 ul of 10 mM 
potassium phosphate (pH 7.0) containing 100 mM 
NaCI at 22 'C for 1 hour. H2O2 is added to a 
concentration of t x 10"' M by adding 2 ul of 5.1 
X 10~* M H2O2. The sannples are vortexed and 
allowed to incubate for one hour at 22 *C. Pres- 
ence of Ml 3 mp8 DNA is verified by exciting the 
samples in a microcuvette at 500 nm and observ- 
ing the resulting 520 nm emission. 

Similarly, a system could be utilized whereby 
DNA probe I is rG-DADCAFI and DNA probe II is 
5*P-HRP. 

EXAMPLE II 

HRP AS CATALYST, TYRAMINE AS 
APOLUMINESCER. (OH-) AS TRANSFORMATION 
RADICAL 

Preparation of Tyramine conjugated to probe DNA- 
rO: 

100 ug (606 nmol 3*-ends/mO of DNA probe I- 
rQ (or DNA PII-rG) is incubated in 0.1 nmol/ml of 
sodium meta perlodate for 30 minutes at 22 'C. 
Sodium bicarbonate-carbonate buffer (pH 9.5) is 
added to a concentration of 0.1 mmol/ml. Tyramine 
is added to a concentration of 20.2 u mol/ml (with 
the concentration of DNA now at 202 nmol 3- 
ends/ml). Sodium borohydride is added to a con- 
centration of 375 umol/ml. with a final DNA con- 
centration of 151 nmole 3*-ends/ml. The mixture is 
incubated at 4*C for 3 hours and purified by 
Sephadex (3-100 column chromatography, eluting 
with 10 mM potassium phosphate (pH 7.4) contain- 
ing 100 mM NaCt. 



Preparation of Tyramine coupled to 5'-P-Probe 
DNA: 

100 ug of 5'-P-DNA PI (or II) (2.4 x 10"^ mol 
5 3'-ends/m!) is incubated with 1 x 10~* mol/ml of 1- 
ethyl-{3,3'-dimethylaminopropyl)carbodiimide 
(EDAC) in 1 X 10"5 mol/ml MES Buffer. pH 5.0 for 
1 hour. Tyramine Is added to a final concentration 
of 3 X 10"' moles/ml in a final concentration of 
JO sodium bicarbonate-carbonate buffer (pH 9.5) of 1 
X 10~* mol/ml. with a final DNA concentration of 3 
X 10"^ mol 3*-ends/ml. The reaction is incubated 
for 12 hours at 22' C. Purification is accomplished 
by chromatography on a 2 x 50 cm Sephadex® G- 
15 100 column eluted with 10 mM potassium phos- 
phate (pH 7.4) containing 100 mM NaCI. 

Detection of M13 mp8 DNA: 

20 54 ug of DNA probe l-rG-HRP and 54 ug of 

DNA probe l-5*-P-tyramine are incubated with Ml 3 
mp8 DNA (0.1 ug to 1.0 pg) in 100 ul of 10 mM 
potassium phosphate (pH 7.0) containing 100 mM 
NaCI at 22 *C for one hour. H2O2 is added to a 

25 concentration of 1 x 10"' M by adding 2 ul of 5.1 
X 10~* M H2O2 and tyramine is added to a con- 
centration of 3.3 X 10~* M. The samples are vor- 
texed and incubated for one hour at 22 'C. The 
presence of Ml 3 mpd DNA is verified by exciting 

30 the samples in a microcuvette at 500 nm and 
monitoring the emission at 520 nm. 

EXAMPLE III 

35 HRP AS CATALYST, LUMINOL AS 
APOLUMINESCER. (OH") AS TRANSFORMATION 
RADICAL 

Preparation of Luminol conjugated to Probe DNA- 
40 rG: 

100 ug (606 nmol 3'-ends/mf) of DNA probe I- 
rQ (or DNA PII-rG) is incubated in 0.1 nmoi/ml of 
sodium meta penodate for 30 minutes at 22 *C. 

45. Sodium bicarbonate<artx)nate buffer (pH 9.5) is 
added to a concentration of 0.1 mmol/ml. Luminol 
is added to a concentration of 20.2 umol/ml (with 
the concentration of DNA now at 202 nmol 3*- 
ends/ml). Sodium borohydride is added to a con- 

50 centration of 375 umol/ml). with a final DNA con- 
centration of 151 nmol 3'-ends/ml. The mixture is 
incubated at 4' C for 3 hours and purified by 
Sephadex* G-100 column chromatography, eluting 
with 10 mM potassium phosphate (pH 7.4) contain- 

55 ing 100 mM NaCI. 

Preparation of Luminol coupled to 5*-P-Probe DNA: 
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100 ug of 5*-P-0NA PI (or II) (2.4 x lO'^ mol 
3'-ends/mi) is incubated with 1 x 10~* mol/ml of 1- 
ethyl-{3,3'-dimethylaminopropyl)carbodiiniide 
(EDAC) in 1 X 10"^ moi/ml MES buffer, pH 5.0 for 
1 hour. Luminol is added to a final concentration of 
3x10"' mol/nni in a final concentration of sodium 
bicarbonate-carbonate buffer (pH 9.5) of 1 x 10"* 
mol/ml, with a final DNA concentration of 3 x 1 0"^ 
mol 3'-ends/ml. The reaction is incubated for 12 
hours at 22 'C. Purification is accomplished by 
chromatography on a 2 x 50 cm Sephadex® G-lOO 
column eluted with 10 mM potassium phosphate 
(pH 7,4) containing 100 mM NaCI. 

Detection of Ml 3 mp8 DNA is carried out in 
the same manner as in the previous examples 
except that hybridization is detected by monitoring 
for light emitted at 430 nm. 

EXAMPLE IV 

Fe-EDTA AS CATALYST. DADCAFI AS 
APOLUMINESCER. (OH") AS TRANSFORMATION 
RADICAL 

Preparation of Fe-EDTA-DNA Probe: 

Triethyl ethylenediaminetetraacetate is pre- 
pared by the procedure of R. W. Hay and K. B. 
Nolan (J, Chem. Soc, Dalton Trans, pp. 1348-1351 
(1975)). The monoaminopropyl derivative is pre- 
pared by the procedure of R. Hertzberg and P. 
Dervan (Biochemistry 23:3934-3945, 1984). 100 mg 
of triethyl ethylenediaminetetraacetate (0.27 mmol) 
is combined with 48 mg (0.29 mmol) of cartxjnyh 
diimidazole in 2.5 ml of dry dimethylformamide at 
22* C for 30 minutes. 2.6 ml of 1 ,3-diaminopropane 
(31 mmol) is added and the solution allowed to stir 
at 22 • C for 24 hours. The product is purified and 
the triester blocking groups removed by standard 
procedures. 

Preparation of 5*-P-Fe-EDTA; 

100 ug of 5*-P-DNA probe (2.4 x lO"" mol 
3'ends/ml) is incubated with 1 x 10"* mol/ml of 
EDAC in 1 X 10"* mol/ml of morpholine sulfonic 
acid for 1 hour. 2.5 mg of EDTA- propylamine is 
added to give a concentration of 2.4 x 10"* mol/ml 
in a concentration of sodium bicarbonate-cartxsnate 
buffer (pH 9,5) of 1 x 10"* mol/ml. with a final DNA 
concentration of 3 x 10"* mol 3*-ends/ml). The 
mixture is allowed to incubate for 12 hours at 
22 'C. Purification is accomplished by chromatog- 
raphy on a 2 x 50 cm Sephadex®- G-100 column 
eluted with 10 mM potassium phosphate (pH 7.4) 
containing 100 mM NaCI. 

Detection of Ml 3 mp8 DNA is can'ied out as 
above utilizing any appropriate probe combination, 



for example, DNA probe l-rG-EDTA-Fe : DNA 
probe ll-5'-P- = DADCAFI: or DNA probe I- 
rG = DADCAFI : DNA Probe ll-EDTA-Fe. 

5 Claims 

1. A polynucleotide probe of the formula 
(Y,"-Y„) 

10 

wherein Yi through are the same or dif- 
ferent nucleotide moieties which collectively 
form a polynucleotide sequence substantially 
complementary to a single-stranded region of 

/5 a target polynucleotide anaJyte; provided that 

at least one of nucleotide moieties Yi through 
Y„ comprises a nucleotide having an 
apoluminescer attached thereto, said 
apoluminescer having a compound which upon 

20 activation by a transfomr^ation radical, converts 

to a luminescer. 

2. A polynucleotide probe as claimed in claim 1 
wherein the transfonmation radical is OH". 

25 

3. A polynucleotide probe as claimed in claim 2 
wherein the apoluminescer is selected from 
activated diacetyldichlorofluorescein, homo- 
vanillic acid, p-hydroxyphenylacetic acid. 

30 tyrosine, tyramine, luminol and p-hydrox- 

yproprionic acid. 

4. A polynucleotide probe composition compris- 
ing two polynucleotide probes of the formulas 

35 

(Xi-X„) and(Yi-Y„) 

wherein 

Xi through X,, 

40 which are the same or different, are 

nucleotide moieties which collectively form 
a polynucleotide sequence substantially 
complementary to a single-stranded region 
of a target polynucleotide analyte A; pro- 

45 vided that at least one of nucleotide moiet- 

ies Xi through X,, comprises a moiety Z 
where Z comprises a nucleotide having a 
chemical catalyst attached thereto capable 
of generation, from a substrate, of a trans- 

50 formation radical which, in turn, is capable 

of transforming an apoluminescer (as do- 
fined in claim 1) into a luminescer; and 
Yi through Y„, 

which are the same or different, are 
55 nucleotide moieties which collectively fonm 

a polynucleotide sequence substantially 
complementary to a single-stranded region 
of polynucleotide analyte A different from, 
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but proximate to, the region to which Xt 
through is complementary; provided that 
at least one of nucleotide moieties Yi 
through Yn comprises a moiety Z' where T 
comprises a nucleotide having an 5 
apoluminescer attached thereto capable to 
being transformed into a luminescer by the 
transformation radical generated by the ac- 
tivity of the chemical catalyst of p<i — Xn); 
further provided that {Xi— X„) and (Yi— Yn) io 
are selected such that upon hybridization 
with A. the catalyst of (Xi~X„) is suffi- 
ciently proximate the apoluminescer of ( 
Yi— Yn) to effect the desired transformation 
of apoluminescer to luminescer upon in- is 
troduction of the appropriate substrate. 

5- A polynucleotide probe composition as 
claimed in claim 4 wherein n is an integer from 
2 to about 500. 20 

6, A polynucleotide probe composition as 
claimed in claim 4 or claim 5 wherein Z com- 
prises a nucleotide having a chemical catalyst 
attached thereto capable of releasing an (OH") 2s 
radical from a substrate and T comprises a 
nucleotide having an apoluminescer attached 
thereto which when reacted with a (0H~) radi- 
cal is convened to a luminescer. 

30 

7, A method for detecting the presence of a tar- 
get polynucleotide anaiyte in a sample which 
comprises: 

• (a) contacting the sample, under hybridiza- 
tion conditions, with a first arKi a second 35 
polynucleotide probe, the first probe having 
a chemical catalyst attached thereto and the 
second probe having an apoluminescer (as 
defined in claim 1) attached thereto, both 
probes being substantially complementary 40 
to substantially mutually exclusive single- 
stranded regions of the anaiyte. such that 
upon hybridization of both probes with the 
anaiyte, the chemical catalyst arKj the 
apoluminescer are located close enough to 45 
each other to permit the catalyst to release 
from a substrate a transformation radical 
that subsequently transforms the 
apoluminescer to a lumir)escer; 

(b) adding the substrate for the chemical so 
catalyst, the substrate being capable of coor 
version to a transfomnation radical by the 
catalyst and the said radical beir^g capable 

of converting the apoluminescer to a 
luminescer; 55 

(c) tnradiating the sample with incident light 
within the absorption spectrum of the 
luminescer; and 



(d) measuring the light emitted by the 
luminescer. 

8. A method as claimed in claim 7 wherein the 
said first and second polynucleotide probes 
are between 2 and about 500 nucleotides in 
length. 

9. A method as claimed in claim 8 wherein the 
said first and second polynucleotide probes 
are between 5 and 50 nucleotides in length. 

10. A method as claimed in any one of claims 7 to 
9 wherein the chemical catalyst is capable of 
releasing an (0H-) radical from the substrate. 

11. A method as claimed in claim 10 wherein the 
apoluminescer is as defined in claim 3. 

12. A method as claimed in claim 10 or claim 11 
wherein the chemical catalyst is selected from 
horseradish peroxidase, hematin. EDTA-Fe 111 
complexes and microperoxidase, and the sub- 
strate is selected from molecular oxygen, hy- 
drogen peroxide. Methylhydroperoxide. Ethyl- 
hydroperoxide, t-butylhydroperoxide. linoleic 
hydroperoxide, cholesterol 5-hydroperoxide 
and cumen hydroperoxide. 

13. A kit for detecting the presence of a target 
polynucleotide anaiyte in a sample which com- 
prises: 

(a) a first polynucleotide probe having a 
chemical catalyst attached thereto and 
which is substantially complementary to a 
first single-stranded region of the anaiyte; 
and 

(b) a second polynucleotide probe having 
an apoluminescer attached thereto which is 
substamially complementary to a second 
single-stranded region of the anaiyte; the 
second region being substantially mutually 
exclusive from the first region but close 
efKHigh thereto such that upon hytxidization 
of the first and second probes with the 
anaiyte, the chemical catalyst and the 
apoluminescer are close enough to each 
other to penmit the catalyst to release from 
a substrate a transformation radical that 
subsequently converts the apoluminescer to 
a luminescer. 

14. A kit as claimed in claim 13 which further 
comprises a substrate for the chemical cata- 
lyst, the substrate being capable of conversion 
to a transformation radical by the catalyst and 
the said radical beir>g capable of converting 
the apoluminescer to a luminescer. 
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15. A kit as claimed in ciaim 13 or 14 wherein said 
apoluminescer and/or said chemical catalyst is 
as defined in any of claims 2, 3, 10 or 1 1. 

Revendications 



1. 



4. 



Une sonde de polynucleotide repondant h la 
formuie: 

dans laquelte: 

les radicaux Yi a sont des radicaux de 
nucleotides identiques ou differents qui, collec- 
tivement, fonment une sequence de polynu- 
cleotide sensiblement compl^mentaire d'une 
region h simple brin d'un analyte nucleotide 
cible; pourvu qu*au moins Tun des radicaux 
nucleotides de Yi h Yn comprenne un nucleoti- 
de auquel est attach^ un apoluminescent. ledit 
*apoluminescent* ^tant un deriv4 qui, par acti- 
vation ^ Taide d*un "radical de transformation" 
se convertit en un luminescent. 

Une sonde de polynucleotide selon la revendi- 
cation 1, caractensee en ce que le radical de 
transformation est 0H~. 

Une sonde da polynucleotide selon la revendi- 
cation 2. caractertee en ce que l*apo lumines- 
cent est choisi parmi les derives actives: dia- 
cetyldichlorofluoresceine, acide homovanitli- 
que. acide p-hydroxyphenylacetique, tyrosine, 
tyramine, luminol et acide p-hydroxyproprioni- 
que. 

Une composit'on de sonde de polynucleotide 
comprenant deux sondes de polynucleotide re- 
pondant aux formules: 

{X,-X„)et(Y,-Y„) 
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i un radical de transformation 
qui a son tour est capable de 
transformer un apoluminescent 
tel que defini dans la revendi- 
cation en un luminescent: et 
Yt a Yn. qui sont identiques ou diffe- 
rents. sont des radicaux nu- 
cleotides qui, collectivement. 
fonment une sequence de po- 
lynucleotide sensiblement com- 
piementaire h une region k 
simple brin d'un analyte A de 
polynucleotide different de. 
mais proche de. la region k 
laquelle Xt i Xo est compie- 
mentaire; pourvu qu'au moins 
Tun des radicaux nucleotides 
Yi ^ Yn comprenne un radical 
Z\ Z' comprenant un nucleoti- 
de renfermant un apolumines- 
cent attache h celui-d capable 
d'etre transforme en lumines- 
cent par le radical de transfor- 
mation cree par Tactivite du ca- 
talyseur chimique de (Xi— Xn); 
pourvu encore que (Xi — Xn) et 
(Yi— Yfl) soient choisis de fa- 
gon ^ ce que. par hybridation h 
Taide de A. le catalyseur de 
pCi-Xn) soit suffisamment pro- 
che de I'apoluminescent de ( 
Yi — Y„) pour effectuer la trans- 
formation souhaitee de Tapolu- 
minescent en luminescent par 
introduction du substrat appro- 
prie. 

Une composition de sonde de polynucleotide 
selon la revendication 4, caracteris^ en ce que 
n est un nombre entier compris entre 2 et 
environ 500. 



caracterisee en ce que: 

Xi k X„. qui sont identiques ou diffe- 
rents, sont des radicaux nu- 
cleotides qui, collectivement. 
torment une sequence de poly- 
nucleotide sensiblement com- 
piementaire h une region h 
simple brin d*un analyte A de 
polynucleotide cible; pourvu 
que au moins Tun des radicaux 
-de nucleotide Xi ^ com- 
prenne un radical Z. Z compre- 
nant un nucleotide renfermant 
un catalyseur chimique attache 
k celut-ci capable de donner 
naissance & partir d'un substrat 



6. Une composition de sonde de polynucleotide 
selon la revendication 4 ou 5, caracterise en ce 

45 que Z comprend un nucleotide auquel est rat- 

tache un catalyseur chimique capable de libe- 
rer un radical (0H~) & partir d'un substrat et Z* 
comprend un nucleotide auquel est rattache un 
apoluminescent qui, lorsqu*on le fait reagir 

50 avec un radical (0H~) est converti en un lumi- 

nescent 

7. Un procede de ddtectino de la presence d'un 
analyte polynucleotide cible dans un echantil- 

55 Ion qui comprend les etapes suivantes: 

(a) on met rechantillon, dans des conditions 
d*hybridation, au contact d'une premiere 
sonde et d*une deuxidme sonde de polynu- 



12 



23 



EP 0 185 547 B1 



24 



cleotide, la premiere sonde renfermant un 
catalyseur chimique attache a celle-ci et la 
seconde sonde renfermant un apoiumines- 
cent attache h celle-ci, les deux sondes 
etant sensiblement complementaires ^ des 
regions a simple brin sensiblement mutuel- 
lement exclusives de Tanalyte. de telle sorte 
que, par hybridation des deux sondes k 
I'aide de Tanalyte, le catalyseur chimique et 
I'apoluminescent soient situes assez pr&s 
i'un de I'autre pour permettre au catalyseur 
de liberer h partir d'un substrat un radical 
de transformation qui, ulterieurement, trans- 
forme I'apoluminescent en un luminescent; 

(b) on ajoute le substrat destine au cataly- 
seur chimique. !e substrat etant capable de 
conversion en un radical de transformation 
^ Taide du catalyseur el ce radical ^tant 
capable de convertir Tapoluminescent en un 
luminescent: 

(c) on irradie I'^chantillon par une lumi^re 
incidente comprise dans le spectre d'ab- 
sorption du luminescent b: et 

(d) on mesure la lumidre dmise par le lumi- 
nescent. 

& Un procdd^ selon la revendication 7, caracteri- 
s6 en ce que la premiere sonde et la seconde 
sonde de polynucleotide prdsentent une lon- 
gueur comprise entre 2 et environ 500 nucleo- 
tides. 

9. Un precede selon la revendication 8, caracteri- 
s^ en ce que la longueur de la premiere sonde 
et de la deuxi§me sonde de polynucleotide est 
comprise entre 5 et 50 nucleotides. 

10- Un proc^de selon Tune quelconque des reven- 
dlcations 7^9, caracterise en ce que le cata- 
lyseur chimique est capable de liberer un radi- 
cal (0H-) h partir du substrat. 

11. Un procede selon la revendication 10. caracte- 
rise en ce que rapoluminescent est te) que 
defini dans fa revendication 3. 

12. Un procede selon la revendication 10 ou la 
revendication 11. caracterise en ce que le ca- 
talyseur chimique est choisi parmi: peroxydase 
de rarfort hamatine, complexe EDTA-Fe III et 
microperoxydase et le substrat est choisi par- 
mi: oxygfene moieculaire, peroxyde d*hydrog6- 
ne, methylhydroperoxyde. ethylhydroperoxyde. 
tertiobutylhydroperoxyde. hydroperoxyde lino- 
leique. cholesterol 5-hydroperoxyde et hydro- 
peroxyde de cumene. 

13. Un kit de detection de la presence d'un analy- 



te polynucleotide cible dans un echantillon, 
notamment un echantillon physioiogique, qui 
comprend: 

(a) une premiere sonde de polynucleotide 
5 renfermant un catalyseur chimique attache 

a celle-ci qui soit sensiblement complemen- 
taire d'une region a simple brin de I'analyte; 

(b) une seconde sonde de polynucleotide 
renfermant un apoluminescent attache h 

10 celle-ci, qui soit sensiblement compiemen- 

taire d'une seconde region h simple brin de 
I'analyte; la seconde region etant sensible- 
ment mutuellement exclusive de la premiere 
region mais assez proche de celle-ci de 

;5 fagon ^ ce que, lors de I'hybridation de la 

premiere et de la seconde sonde ^ I'aide de 
TanaJyte. le catalyseur chimique et rapolu- 
minescent soient assez proches Tun de 
Tautre pour permettre au catalyseur de libe- 

20 rer k partir d'un substrat un radical de trans- 

formation qui, ulterieurement convertisse 
rapoluminescent en un luminescent. 

14. Un kit selon la revendication 13, qui comprend 
25 en outre un substrat pour le catalyseur chimi- 
que. le substrat etant capable de conversion 
en un radical de transformation par le cataly- 
seur et ce radical etant capable de convertir 
rapoluminescent en un luminescent. 

30 

15. Un kit selon la revendication 13 ou 14. caracte- 
rise en ce que cette apoluminescent et/ou ce 
catalyseur chimique est tel que defini dans 
rune quelconque des revendlcations 2. 3. 10 

35 ou 11. 

Patentansprll che 

1. Polynuclectid-Sonde der Foonel 

40 

worin 

Yi bis Y„ die gleichen Oder unterschiedliche 
45 Nucteotid-Stnjktureinheiten sind. die kollektiv 

eine Polynucleotid-Sequenz bilden, die im we- 
sentiichen komplement^r Zu einem einzel- 
strSngigen Bereich eines Ziel-Polynucleotid- 
Analyten ist mit der MaBgabe, dafl wenigstens 
so eine der Nucleotict-Struktureinheiten Yi bis Y^ 

ein Nucleotid mit einem daran gebundenen 
Apolumineszenzstoff umfaBt, wobol der Apolu- 
mineszenzstoff eine Verbindung ist. die bei 
Aktivienjng durch ein Transfonmations-Radikal 
55 sich in einen Lumineszenzstoff umwandelt. 

2. Polynucleotid-Sondo nach Anspmch 1, worin 
das Transformations-Radikal 0H~ ist 
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3. Polynucleotid-Sonde nach Anspruch 1, worin 
der Apolumtneszenzstoff ausgewahit ist aus 
aktiviertem Diacetyldichlorfluorescein, Homov- 
anillinsaure, p-Hydroxyphenylessigsaure, Tyro- 
sin. Tyramin. Luminol und p-Hydroxyproprions- 5 
aure. 

4. Polynucleotid-Sonden-Zusammensetzung, um- 
fassend zwei Polynucleotid-Sonden der For- 
mefn io 

(Xi-X„) und (Yt-Yn). 

worin 

Xi bis X„. die gteich Oder unterschiedlich sind, is 
Nucleotid-Struktureinheiten sind, die kollektiv 
etne Polynucleotid-Sequenz bilden, die Im we- 
sentlichen komptementar zu einenn einzelstran- 
gigen Bereich eines Ziel-PoIynucleotid-AnaJy- 
ten A ist: mit der MaBgabe, da/J wenigstens 20 
eine der Nucleotid-Struktureinheiten Xt bis Xn 
eine Stnjktureinheit 2 umfaBt. worin Z ein Nu- 
cleotid mit einem daran gebundenen chemi- 
schen Katalysator umfai3t. der befShigt ist, aus 
einem Substrat ein Transformations-Radikal zu 25 
erzeugen, das setnerseits fahig ist. einen Apo- 
lumineszenzstoff (wie er in Anspruch 1 dett- 
niert ist) in einen Lumineszenzstoff zu transfor- 
mieren. und 

Yi bis Yo, die gleich Oder unterschiedlich sind, 30 
Nucleotid-Struktureinheiten sind, die kollektiv 
eine Polynucleotid-Sequenz bilden, die im we- 
sentlichen komplementar zu einem einzelstran- 
gigen Beretch eines Polynucleotid-Analyten A 
ist. der von demjenigen Bereich. zu dem Xt as 
bis X„ komplementar ist. verschieden ist sich 
jedoch an diesen anschlieflt mit der Maflgabe, 
dafl wenigstens eine der Nucleotid-Strukturein- 
heiten Yi bis Y„ eine Slruktureinheit Z* umfaBt. 
worin Z' ein Nucleotid mit einem daran gebun- 40 
denen Apolumineszenzstoff umfaBt, dec befa- 
higt ist durch das Transfonnations-Radikal 
sich in einen Lumineszenzstoff umzuwandein, 
das durch die Aktivilat des chemischen Kataly- 
sators von (Xi— Xn) erzeugt wird; und weiterhin 4S 
mit der Maflgabe, dafl (Xi— X«) und (Y»— Y„) 
so gewShlt werden. dafl bei der Hybridlsierung 
mit A der Katalysator von pCt— x;,) sich hinrel- 
chend nahe bei dem Apolumineszenzstoff von 
(Yi— Y„) befindet urn beim Einbringen des so 
geeigneten Substrats die Transformation des 
Apolumineszenzstoff es In einen Lumineszenz- 
stoff zu bewirken. 

5. Polynucleotid-Sonden-Zusammensetzung nach ss 
Anspruch 4. worin n eine ganze Zahl von 2 bis 
etwa 500 IsL 



6. Polynucleotid-Sonden-Zusammensetzung nach 
Anspruch 4 Oder Anspruch 5, worin Z ein Nu- 
cleotid mit einem daran gebundenen chemi- 
schen Katalysator umfaBX, der befahigt ist, aus 
einem Substrat ein (OH~)-Radikal freizusetzen. 
und Z' ein Nucleotid mit einem daran gebun- 
denen Apolumineszenzstoff umfaflt, der bei der 
Reaktion mit einem (OH~)-Radikal in einen Lu- 
mineszenzstoff umgewandelt wird. 

7. Verfahren zum Nachweis der Anwesenheit ei- 
nes Ziel- Polynucleotid-Analyten in einer Probe, 
umfassend 

(a) das In-Beruhrung-Bringen der Probe un- 
ter Hybridisierungs-Bedingungen mit einer 
ersten und einer zweiter Polynucleotid-Son- 
de. wot)ei die erste Sonde einen daran ge- 
bundenen chemischen Katalysator aufweist 
und die zweite Sonde einen daran gebunde- 
nen Apolumineszenzstoff (wie er in An- 
spruch 1 definiert ist) aufweist wobei die 
beiden Sonden im wesentlichen komple- 
mentar sind zu einander im wesentlichen 
gegenseitig ausschlieflenden einzetstrangi- 
gen Bereichen des Analyten, in solcher 
Weise, dafl bet der Hybridtsierung der bei- 
den Sonden mit dem Analyten der chemi- 
sche Katalysator und der Apolumineszenz- 
stoff sich ortlich hinreichend dicht beieinan- 
der befinden, urn zu ermdglichen. dafl der 
Katalysator aus einem Substrat ein 
Transformations-Radikal freisetzt. das an- 
schlieflend den Apolumineszenzstoff in ei- 
nen Lumineszenzstoff transformiert; 

(b) das HinzufQgen des Substrats fOr den 
chemischen Katalysator. wobei das Substrat 
zur Umwandlung in ein Transformations-Ra- 
dikaJ durch den Katalysator befahigt ist und 
das Radikal den Apolumineszenzstoff in ei- 
nen Lumineszenzstoff zu transform ieren ver- 
mag; 

(c) das Bestrahlen der Probe mit einfallen- 
dem Licht innerhalb des Absorptionsspek- 
trums des Lumineszer^zstoffes: und 

(d) das Messen des von dem Lumineszenz- 
stoff emittierten Uchtes. 

& Verfahren nach Anspruch 7, worin die erste 
und die zweite Polynucleotid-Sonde jeweils 
eine LSnge von zwischen 2 und etwa 500 
Nucleotiden haben. 

9, Verfahren nach Anspruch 8, worin die erste 
und die zweite Polynucleotid-Sonde jeweils 
eine LSnge von zwischen 5 und etwa 50 Nu- 
cleotiden haben. 

10. Verfahren nach irgendeinem der AnsprUche 7 
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bis 9, worin der chemische Katalysator befa- 
higt ist. aus einem Substrat ein (OH~)-Radikal 
freizusetzen. 

11. Verfahren nach Anspruch 10, worin der Apolu- 5 
mineszenzstoff einer ist. wie er in Anspruch 3 
definiert ist. 

1Z Verfahren nach Anspruch 10 oder Anspruch 

11, worin der chemische Katalysator ausge- io 
wahit ist aus Meerrettich-Peroxidase. Hamatin, 
EDTA-Fe(in)-Komplexen und Mikroperoxidase 
und das Substrat ausgew^hlt ist aus molekula- 
rem Sauerstoff. Hydrogenperoxid, Methylh- 
ydroperoxid. Ethylhydroperoxid, t-Butylhydrop- is 
eroxid. Unolhyproperoxid. ChoIesterin-5-hy- 
droperoxid und Cumolhydroperoxid. 

13. Kit zum Nachweis der Anwesenheit eines Ziel- 
Polynucieotid-Analyten in einer Probe, umfas- 20 
send 

(a) eine erste Polynucleotid-Sonde. die ei- 
nen daran gebundenen Katalysator aufweist 
und im wesentlichen zu einem ersten ein- 
zelstrangigen Bereich des Analyten komple- 25 
mentar ist; und 

(b) eine zweite Polynucleotid-Sonde. die ei- 
nen daran gebundenen Apolumineszenzstoff 
aufweist und im wesentlichen zu einem 
zweiten einzelstrangigen Bereich des Analy- ao 
ten komplementar ist. wobei der zweite und 

der erste Bereich einander im wesentlichen 
gegenseitig ausschlieflen, jedoch hinrei- 
chend dicht beieinander liegen, so dafl bei 
der Hybridisierung der ersten und der zwei- 35 
ten Sonde mit dem Analyten der chemische 
Katalysator und der Apolumineszenzstoff 
sich dicht genug beieinander befinden, um 
zu enmdglichen. da/I der Katalysator aus 
einem Substrat ein Transformations-Radikal 40 
freisetzt, das anschlieflend den Apolumines- 
zenzstoff in einen Lumineszenzstoff umwan- 
deit 

14. Kit nach Anspruch 13, weitertiin umfassend ein 4S 
Substrat fOr den chemischen Katalysator. wo- 
bei das Substrat zur Umwandlung in ein 
Transfonmations-Radikal durch den Katalysator 
befahigt ist und das Radikal den Apolumines- 
zenzstoff in einen Lumineszenzstoff umzuwan- 50 
dein vermag. 

15. Kit nach Anspruch 13 oder 14, worin der Apo- 
lumineszenzstoff und/oder der Katalysator Stof- 

fe sind. wie sie In irgendeinem der AnsprUche 55 
2, 3. 10 Oder 1 1 definiert sind. 

( 
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